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LONELINESS AS A RISK FACTOR FOR CORONARY HEART DISEASE 
MORTALITY AMONG MEN IN EASTERN FINLAND 
 
Over the past four decades there has been growing literature describing the relationship of 
psychosocial factors such as loneliness with poor health outcomes. Social isolation, social 
support and loneliness have been seen to be factors associated with increased all-cause 
mortality, development of illness complications and one-year mortality after acute 
myocardial infarction. Mechanisms by which loneliness causes disease have been unclear 
but possible pathways may include adverse alterations in health behavior, sleep patterns 
and neuroendocrine dysfunction.  
This study is part of the Kuopio Ischemic Heart Disease Study, which measured various 
biological, behavioral, socioeconomic, and psychosocial risk factors for cardiovascular 
disease, diabetes, and other outcomes in a sample of middle-aged men residing in Eastern 
Finland. The study sample has been followed up for 20 years. 
The aim of this master’s thesis is to examine if loneliness is a significant risk factor for 
cardiovascular mortality among middle aged men during the follow up period. Since 
loneliness has many definitions, this thesis also aimed at conceptualizing the various 
components of loneliness and detecting the most significant component that predicts 
cardiovascular mortality. 
This study shows that structural component of loneliness as a statistically significant risk 
factor for coronary heart disease mortality during the 20 year follow-up period. This risk 
still remained after controlling for possible confounders such as BMI, smoking, age, 
alcohol, history of ischemic heart disease, education, physical activity, socioeconomic 
status, depression, systolic blood pressure and lipid profile.   
Moderate level of functional support was linked with a higher risk for coronary heart 
disease mortality when compared with those with the highest level of functional support. 
There was no significant association between mortality the perceived component of 
loneliness. 
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1  INTRODUCTION 
Just like food, water and shelter the need to belong is a basic need for human survival. 
(Baumeister, Leary 1995) The feeling of belonging is essential for emotional, cognitive 
and physical wellbeing. The effect of deficiency of food and water on the health of an 
individual is immediately noticeable but a deficiency of social network and feeling of 
loneliness may slowly degrade the body. Social isolation, social support and loneliness 
have all been linked with mortality.  
With increasingly diminishing quality and quantity of relationships in the modern society, 
there is a need to study the impact of loneliness on population health. The General Social 
Survey which assessed the number of confidants the average American discuss important 
matters with was carried out in 1985 and repeated in 2004 (McPherson, Smith-Lovin et al. 
2006). Within the 20 year gap the number of Americans who reported they had no 
confidant tripled. The total number of kin and non-kin social contacts were also 
significantly reduced (McPherson, Smith-Lovin et al. 2006).  Although many studies have 
established links between loneliness and all-cause mortality fewer studies have been done 
on its relationship with cardiovascular mortality. Most studies have focused on only one 
dimension of loneliness such as number of contacts and interaction (Berkman, Syme 1979, 
House, Robbins et al. 1982). Later researchers shifted direction towards perceived 
components measured by how lonely one feels (Cacioppo, Hawkley et al. 2006), and the 
amount of support derived from the social contacts (Cohen, Wills 1985). However, 
considering more than one dimension simultaneously may help in understanding loneliness 
better (Cornwell, Waite 2009, Steptoe, Shankar et al. 2013). 
This study aims at adding to the existing body of knowledge by measuring loneliness based 
on the three dimensions of loneliness previously described which very few studies have 
done. The study also aims at observing the relationship between loneliness and 
cardiovascular mortality among middle aged men in Eastern Finland. 
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2 REVIEW OF LITERATURE 
2.1 WHAT IS LONELINESS? 
There have been several definitions of loneliness, however the most generally accepted 
definition for the term loneliness is "the unpleasant experience that occurs when a person's 
network of social relations is deficient in some important way, either quantitatively or 
qualitatively" (Perlman, Peplau 1981). From the definition above it can be noted that 
loneliness does not only occur when one is socially isolated (quantitative) i.e. few or no 
friends, living alone, or not part of a group. It also involves the subjective perception of the 
individual about the quality of his relationship (de Jong Gierveld, Van Tilburg et al. 2006). 
It is possible for a person to be alone but not lonely and lonely but not alone (Van Baarsen, 
Snijders et al. 2001). These two components (qualitative and quantitative) are important in 
understanding and measuring loneliness. Weiss et al. described these components as social 
loneliness (quantitative) and emotional loneliness (qualitative) as the two types of 
loneliness and proposed that both should be taken into consideration when addressing the 
subject (Weiss, Riesman et al. 1973). Loneliness can also be classified into state and trait 
loneliness. Temporary or state loneliness may occur because of certain event that happens 
for a period for example moving into a new country or the death of a close relative. 
Chronic or trait a feeling of loneliness is an inner experience of loneliness that persists for 
long periods of time and it is not in response to specific event (Perlman, Peplau 1981). 
Everyone feels lonely at times in the course of his or her life, i.e. state loneliness, but it is 
the more persistent feeling of loneliness that accounts for considering a person lonely 
(Perlman, Peplau 1981). Loneliness can be positive when a person seeks to voluntarily 
withdraw himself from friends or other social contacts so he can concentrate on his goals, 
reflect on his life, or communicate with God. This is also known as seeking privacy or 
meditation (de Jong Gierveld, Van Tilburg et al. 2006). Loneliness as referred to in this 
literature review and study is the negative loneliness over which the sufferer does not have 
any control, and the situation persists giving the person a feeling of dejectedness, boredom, 
intense desire for intimate and social belonging. 
Is loneliness the same as depression? This question has caused several debates and 
confusion making research in loneliness very difficult (Anderson, Arnoult 1985).  
Depression is a condition characterized by depressed mood, anhedonia (loss of pleasure in 
pleasurable activity), and reduced energy. For the diagnosis of major depressive disorder, 
6 
 
 
at least two of these symptoms should be present, along with at least two additional 
symptoms such as feelings of guilt, thoughts of self-harm, or change in appetite or sleep 
(World Health Organization 1993). The measures of loneliness and depression correlate, 
and symptoms partly overlap (Weeks, Michela et al. 1980). 
 
2.2 CONCEPTUALIZING LONELINESS  
There are several ways by which various studies measure social relationships, for example 
social network index (Berkman, Syme 1979), network scope (Vogt, Mullooly et al. 1992), 
loneliness short scale (Hughes, Waite et al. 2004), UCLA loneliness scale (Russell, 
Cutrona et al. 1984) and Social functioning scales (Kaplan, Wilson et al. 1994). All these 
measures are an attempt to tap into three broad dimensions of the concept loneliness. These 
dimensions are based on 3 different theories which are main effect theory, buffer model 
theory (Cohen, Wills 1985) and the perceived theory (Russell, Cutrona et al. 1984) 
Structural dimension 
Functional Dimension 
Perceived dimension  
2.2.1 Structural dimension 
This is based on the main effect model which posits that that an increase in the number of 
social contacts, being part of many groups and frequency in interaction with other people 
will result in an increase in well-being irrespective of the role which these social contacts 
play in the life of the individual (Cohen, Wills 1985). Earlier most studies used marital 
status as a measure of the structural dimension, and many studies observed that marriage 
was protective against mortality. A meta-analysis (Holt-Lunstad, Smith et al. 2010) 
identified 107 studies from 1900 -2007 measuring social isolation based on marital status. 
Studies after 1960’s rely on scales in the measurement loneliness. Social network index 
(described below) was used in the Alameda County Study (Berkman, Syme 1979). Other 
terminologies used for structural component includes Social loneliness, Social isolation, 
and Social integration or embedment. This is a quantitative and objective assessment of 
social relationship as opposed to the other two dimensions of loneliness which are 
qualitative and subjective.  
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Berkman-Symes Social Network Index: This measure was developed in 1979. It’s main aim 
was to evaluate social networks in adults of age 18 to 64 in the Alameda County Study. 
Four composite measures of social connection were used a) Marital status b) Close Friends 
and relatives c) Church group membership d) Group membership. The first two measures, 
i.e., marital status and having close friends or relatives are referred to as intimate contacts 
while the last two dichotomous measures are referred to as other contacts. A sociability 
score was developed from the number of close friends and families and the frequency of 
contacts. From the 4 measures, the index categorized individuals into four levels of social 
connection: socially isolated (low intimate contacts, i.e., not married, less than six friends 
or relatives, and no membership in a church or community groups), moderately isolated, 
moderately integrated, and socially integrated (high intimate contacts, i.e., married, more 
than six friends or relatives with church or group membership). 
 
2.2.2 Functional dimension 
There are various stressors that a person faces in life and responding to such stress could be 
challenging. Is social network protective only because there are people around (main effect 
model) or because these people can be relied on when an individual faces difficulties or 
challenges (buffering effect model)? Based on this theory four functional roles of a social 
network were proposed and these roles have been incorporated into many epidemiological 
surveys to measure the degree of social isolation. These roles include a) Self-esteem 
support (emotional support, expressive support, self-esteem support, ventilation, and close 
support): This form of support reassures the individual of his worth and value and he is 
accepted by the community despite his faults or shortcomings; b) Information support 
(advice, appraisal support, and cognitive guidance): refers to the availability of people who 
can direct, advice or tell an individual what to do when he is in confusion during the course 
of his life. Making important decision may be a very stressful event and having cognitive 
support is important; c) Social companionship (diffuse support and belongingness): Having 
people in one’s network to engage an individual in social events, participate in recreational 
activities or relax with. The final functional role of a social network is d) Instrumental 
support (aid, material support, and tangible support): People in one’s network able to 
provide financial or other aid, which a person needs. four functional roles are interrelated 
though they can be differentiated conceptually (Cohen, Wills 1985). 
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2.2.3 Perceived Dimension 
This is a component of loneliness is based on the principle that the individual’s perception 
of his or her social relationship is more important than the level of social contacts, 
frequency of interaction or support he gets (Russell, Cutrona et al. 1984). This is frequently 
measured by asking questions such as “do you feel lonely?” The University of California 
Los Angeles Loneliness scale (UCLA) and the De Jong Gierveld Loneliness Scale are 
examples of measures for perceived loneliness. 
 
UCLA Loneliness Scale: This scale was introduced by Russell, Peplau and Ferguson in 1978, 
and it consists of 20 item questions selected from a previous 75 item scale developed by 
Sisenwein in 1961 (Russell, Peplau et al. 1978). It is the most commonly used measure of 
loneliness in the literature. The 20 items describe loneliness in different words. The 
questionnaire consists of items such as “I feel as if nobody really understands me”, “I feel 
starved of company”, and “I find myself waiting for people to call or write”. Each item can 
be scored as O - Often, S- Sometimes, R- Rarely, N- Never. These answer options are used 
to calculate a total score. A shorter version of this scale containing only three items was 
developed for a large epidemiological survey, was subsequently validated and shown to be 
a reliable substitute for the longer version (Hughes, Waite et al. 2004). 
6 & 11-item De Jong Gierveld Loneliness Scale: De Jong Gierveld and Kamphuis (1985) 
proposed this scale for the measurement of loneliness. It measures emotional loneliness (6 
items) seperatelyfrom social loneliness (5 items). The loneliness subscales for emotional 
and social loneliness have been shown to be valid and reliable instruments for these 
phenomena, and the two scales are moderately correlated. Table 1 shows the 11 questions 
used in this measure (de Jong Gierveld 1998).  
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Table 1. De Jong Gierveld Loneliness Scale 
Item Question 
1.  There are plenty of people I can rely on when I have problems. 
2.  I miss the pleasure of the company of others. 
3.  I find my circle of friends and acquaintances too limited. 
4.  There are many people I can trust completely.  
5.  There are enough people I feel close to. 
6.  I miss having people around. 
7.  I experience a general sense of emptiness. 
8.  There is always someone I can talk to about my day-to-day problems. 
9.  I miss having a really close friend. 
10.  I can call on my friends whenever I need them. 
11.  I often feel rejected. 
 
2.3 IMPACT OF LONELINESS ON HEALTH  
Earlier studies have shown an association between loneliness and cardiovascular disease. 
However, the potential mechanisms are difficult to understand. There is increase in the 
systolic blood pressure in lonely people compared to non-lonely people, and this difference 
persists after adjusting for other factors including depression (Hawkley, Masi et al. 2006). 
(Ong, Rothstein et al. 2012). (Ong, Rothstein et al. 2012) also found similar results 
concluding that there is a significant difference between how lonely people respond to 
stressful events. Several mechanisms such as evolutionary models, health behavior, sleep 
patterns and neuroendocrine dysfunction have been proposed to explain the above 
associations.  
2.3.1 Evolutionary model theory  
The feeling of belonging is not only an emotional basic need, but also an adaptive response 
enhancing survival, and thereby the propagation of the specie (Cacioppo, Hawkley et al. 
2006). The evolutionary model proposes that social connectedness is a key adaptive 
mechanism of humans that enables survival and preserving progeny.  
The human infant his born to a prolonged period of dependence on its parents longer than 
any other specie (Waters 2006) described this as an evolutionary paradox. Without a social 
structure of support from the parents and others around the infant would not survive. As 
the infant grows into adolescence, he is constantly under pressure from his peer groups, 
10 
 
 
desperate for attention and recognition. As adults there are fears of criticism from 
colleagues, culture, friends and relative and these fears mold an individual’s self-construct 
(Brewer, Gardner 1996). Self-construct is the perception of one’s identity, self-worth and 
social motivation (Brewer, Gardner 1996), which drives all human activity. Since social 
connectedness has been established as an evolutionarily adaptive mechanism it is easy to 
understand the connection between loneliness and adverse health outcomes.  
Similar to other regulatory sensations such as perception of pain or temperature, loneliness 
is a social pain that prompts a person to leave a position of isolation for a more social 
environment. Just like the imminent physical danger that will occur if the body is not 
removed from the stimulus causing pain, social pain would also cause physical danger 
though in more subtle ways. (Eisenberger, Lieberman et al. 2003) explored this idea in 
their study “Does rejection hurt? An fMRI study of social exclusion”. Participants were 
scanned with MRI while playing a virtual collective ball tossing game. During the game 
the participant was excluded from the game and MRI images were taken. It was observed 
that following rejection the anterior cingulate cortex (neural alarm system) and the right 
ventral prefrontal cortex were activated in the participants. These changes are similar to 
those that have been observed during physical pain Eisenberger concluded that mammals 
have a strong connection between social attachment and physical pain so as to improve 
survival of their young. Research in hamsters showed that ablation of the cingulate cortex 
caused deficit in maternal connection with offspring and absence of play behavior 
(Murphy, MacLean et al. 1981). 
2.3.2 Health behaviors  
Self-regulation is the ability of an individual to control ones impulses and desire towards 
achieving personal goals and conformity to social norms (Hawkley, Masi et al. 2006). Self-
regulation theory suggests that individuals with poorer ability to regulate themselves will 
be less capable of developing adaptive goals and monitoring their current status toward 
those goals than individuals with higher self-regulatory capacity. They will also engage in 
activities that provide immediate gratification (Hustad, Carey et al. 2009). A study carried 
out among college students in New York concluded that individuals with good self-
regulation capacity had lower rates of alcohol-related adverse consequences and change in 
number of drinks per week. Lonely people have been shown to have a lower self-
regulation than non-lonely people (Hawkley, Masi et al. 2006). In a cross-sectional study 
of 1289 adults, lonely people were more likely to be smokers and have higher body mass 
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index (BMI) after model was controlled for potential confounders. Lonely people were 
also less likely to believe that they should lose weight or adopt healthy life habits in other 
to improve their health status. This may account for the pathway through which loneliness 
causes cardiovascular disease (Lauder, Mummery et al. 2006).  
2.3.3 Sleep Patterns 
Sleep offers a physiological restoration for the body, supporting its healthy homeostatic 
functioning (Hawkley, Cacioppo 2010). Sleep deprivation is associated with increased 
blood pressure, sympathetic activation, alteration of anabolic hormones and increased 
inflammatory mediators (Mullington, Haack et al. 2009). All these changes accumulate to 
cause cardiovascular diseases and increased mortality. These changes are not essentially 
related to the quantity of sleep but on the quality of sleep (Cacioppo, Hawkley et al. 2002). 
Sleep duration has been found to be the same between lonely and non-lonely group but 
there is a significant difference in the quality of sleep (Hawkley, Preacher et al. 2010). The 
non-refreshing sleep, which lonely people have been observed to have, may be a potential 
mechanism by which loneliness mediates cardiovascular risks and mortality.  
2.3.4 Neuroendocrine Dysfunction  
Adrenaline and cortisol are hormones produced in the adrenal glands in response to a 
stressful condition referred to as fight or flight. Lonely people are more likely to view the 
world in a more negative perspective and are hyper vigilant thinking of their social 
interaction as a threat. This constant perceived threat results in increased activation of the 
hypothalamic pituitary axis, and therefore higher quantity of these hormones in circulation 
(Cacioppo, Hawkley 2009). Loneliness has been associated with increased quantity of 
adrenaline in early morning urine samples (Cacioppo, Hawkley et al. 2006). It has also 
been associated with increased circulating and salivary cortisol (Pressman, Cohen et al. 
2005, Steptoe, Owen et al. 2004). Adrenaline is a potent vasoconstrictor of smooth muscles 
thereby increasing the total peripheral resistance of the circulatory system leading to 
increased blood pressure and other cardiovascular events.  
2.3.5 Dietary habits 
Poor dietary habits have been found to be associated with living alone (Davis, Murphy et 
al. 1988). People living alone usually do not pay attention to their diets and have been 
found to eat more processed foods and fewer fruits and vegetables compared to those who 
live with others (Park, Lee et al. 2003). Several studies have shown higher cardiovascular 
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outcome among those eating fewer vegetables (Bazzano, He et al. 2002, Liu, Manson et al. 
2000) and more processed foods.  
 
2.4 PREVIOUS STUDIES 
Loneliness has been linked with various health outcomes, for about four decades evidence 
have been growing in this field of research. (Berkman, Syme 1979) conducted a study on 
6928 adults in Alameda County, California over a 9-year follow up period. After 
confounding factors such as health behavior, smoking, obesity, and physical activity levels 
were adjusted for, women and men with lowest Social Network Index (SNI) when 
compared to those with the highest SNI were 2.8 and 2.3 times more likely to die 
respectively during the follow up period. This was in keeping with (House, Landis et al. 
1988) conclusion that poor relationships are in the same category as smoking for predicting 
negative health outcomes. Since this study was published there have been many 
epidemiological studies showing the correlation between social wellbeing and mortality.  
Cardiovascular incidence, especially coronary heart disease and mortality, have been 
linked with several social factors. The incidence of angina pectoris was higher among men 
who reported having wives who were not supportive or not loving (i.e. low functional 
support). Nevertheless these observations were not adjusted for potential confounding 
factors (Medalie, Goldbourt 1976). Among Japanese men there was higher prevalence of 
coronary heart disease, myocardial infarction and angina among those with poorer social 
network. There was also a minor association between social network and incidence of 
cardiovascular disease but this effect disappeared after adjusting for covariates such as age, 
systolic blood pressure, cholesterol, serum glucose, serum uric acid, forced vital capacity, 
complex carbohydrate, body mass index, smoking, physical activity, alcohol intake, and 
socioeconomic status (REED, McGEE et al. 1983). Three social network measures namely 
network size, network frequency and network scope were observed for their association 
with cardiovascular outcome among 2603 members of a health maintenance organization 
(HMO) who were followed for 15 years. Only network scope (i.e. the different domains an 
individual has social contacts) was predictive of incidence of cardiovascular events after 
adjusting for age, sex, smoking and socioeconomic status. 
 Social network measures were strong predictors of both cause-specific and all-cause 
mortality among persons who had incident cases of ischemic heart disease (IHD), cancer, 
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and stroke (Vogt, Mullooly et al. 1992). A study conducted among 736 healthy middle 
aged Swedish men born in 1933 measured structural component with a scale called social 
integration while the functional dimension scale was attachment scale.  Men with higher 
"attachment" and "social integration" had lower incidence of CHD, with a significant effect 
for social integration (p = 0.04) and an almost significant effect for attachment (p = 0.07). 
When controlling for covariates such as age, cholesterol, treatment for hypertension, 
diabetes, body mass index, smoking, physical activity and family history in multiple 
logistic regression analyses, both factors remained as significant predictors of new CHD 
events (Orth-Gomér, Rosengren et al. 1993).  
In a study conducted in Eastern Finland among 13,301 men aged between 39 to 59 
followed up for 5 years, a social connection index was calculated which accessed only the 
structural component of loneliness. Men with the two lowest quintile of social connection 
index were significantly more likely to die of all-cause mortality, cardiovascular and 
ischemic mortality than those in the higher quintiles (Kaplan, Salonen et al. 1988). A 
prospective study of 194 previously hospitalized subjects over 65 years of age were 
followed up for a period of 6 months. Questionnaire to measure the amount of emotional 
support an individual receives was administered and associated with mortality within the 6 
months. It was noted that patients with low emotional support were 2 – 3 times more likely 
to die than those with more emotional support (Berkman, Leo-Summers et al. 1992). This 
study showed that social relationship predicts the 6-month survival of patients who have 
suffered cardiovascular events. This was in keeping with another study, which measured 
social isolation and its association with survival after a major coronary heart disease 
(Brummett, Barefoot et al. 2001). In this study, population comprised 414 men born in 
1914 and followed from 1982/83 until the end of 1996. Questions were asked to evaluate 
social support and to examine if there was an impact on the incidence of myocardial 
infarction. The study concluded that lower social support is associated with an increased 
risk of incident myocardial infarction (HR 2.40, CI 1.36–4.25, p = 0.003) and premature 
death (HR 1.99, CI 1.32–3.00, p = 0.001) (André-Petersson, Hedblad et al. 2006). To 
evaluate the effect of different aspects of quality of life (QoL) upon mortality during short- 
and long-term follow-up after coronary artery bypass grafting (CABG), altogether 1290 
patients who had CABG within a 3-year period were followed for 5 years. Various 
questions measuring QoL and disability were asked. The perceived component of 
loneliness i.e. “I feel lonely” was independently associated with survival both at 30 days 
14 
 
 
and 5 years after CABG (Herlitz, Wiklund et al. 1998). Loneliness has also been 
implicated as a health related risk factor in the recovery, readmission and death of patients 
who have cardiac heart failure (Löfvenmark, Mattiasson et al. 2009) or atherothrombosis 
(Udell, Steg et al. 2012). Functional support was seen to be more important than structural 
support in a study conducted among 159 patients who were referred for angiography to six 
hospitals in the San Francisco Bay area because of suspected coronary artery disease. The 
analysis was adjusted for age, sex, income, hypertension, serum cholesterol, smoking, 
angina, diabetes, family history of heart disease, Type A behavior pattern, and hostility. 
People who reported being lonely structurally or functionally had higher coronary 
atherosclerosis diameter than those who were not lonely. 
There is a tendency to think that this effect loneliness has on health status of individuals 
are only observable in adulthood. However, in a longitudinal study of the entire birth 
cohort consisting of about 1037 children the Rutter Child Scales were completed by the 
parents and teachers when study members were 5, 7, 9, and 11 years old. The Rutter scale 
measured social isolation in the children. Participants who had lower scores also had 
poorer health outcomes (higher BMI, blood pressure, total cholesterol level, high density 
lipoprotein cholesterol level, glycated hemoglobin concentration and lower maximum 
oxygen consumption) at the end of the 26 years follow up period (Seeman, Syme 1987).  
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3 MATERIALS AND METHODS 
The KIHD study is a population-based study designed to identify a wide range of 
biological, behavioral, socioeconomic, and psychosocial risk factors for cardiovascular 
disease, diabetes, and other outcomes in a sample of middle-aged men in Kuopio, Finland 
(Salonen 1988) 
The total sample of KIHD participants consisted of 2682 men recruited in two cohorts: The 
first cohort included 1166 54-year-old men (83.3% of those eligible) enrolled in the study 
between March, 1984 and August, 1986; the second cohort included 1516 men aged 42, 
48, 54, and 60 years (82.6% of those eligible) enrolled in the study between August 1986 
and December, 1989. Altogether 4, 11, 16 and 20 year follow up have been conducted.  
 
3.1 ETHICAL STATEMENT 
The Kuopio Ischemic Heart Disease Risk Factor (KIHD) Study has been approved by the 
Research Ethics Committee of the University of Eastern Finland, Kuopio Campus 
(formerly Kuopio University). All the participants signed a written informed consent. 
3.2 MEASURES OF LONELINESS 
Currently there is no gold standard for measuring loneliness or social connections because 
it is a multidimensional concept. However, three major dimensions can be examined. The 
KIHD study has an extensive number of questions that measure social relationships 
(Kaplan, Wilson et al. 1994). These questions are similar to those used in other studies to 
measure various aspects of social connection and were translated to Finnish and then 
translated again to English by individuals who are fluent in both languages. Altogether 23 
items from 69 questions related to social relationships were used to construct three scales 
used in this present study. Ten questions were used to access the structural component of 
loneliness; these continuous variables were recoded to categorical values with the highest 
score representing lower degree of loneliness. The scale was tested for internal consistency 
and chronbach’s alpha was optimized to a maximum of 0.665. The functional component 
consists of 6 questions, 4 are likert scale while 2 are yes or no questions. They were 
recoded into categorical values with the highest value representing lower degree of 
loneliness. The chronbach’s alpha of internal consistency for the scale is 0.654. For the 
perceived component 7 questions were chosen, unlike the structural and functional 
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component, the items were recoded such that the highest value reflected higher level of 
loneliness. Chronbach’s alpha for the scale is 0.575. These questions are presented in Table 
2. 
Table 2. Items used to define the components of loneliness 
Structural Component 
What is your marital status? 
How often do you go to meetings arranged by the societies, clubs or organizations? 
How many times did you visit your friends or relatives during the past month? 
How many societies, clubs or organizations do you belong to? 
How many of your neighbors are you acquainted with? 
How many times did you celebrate at home or at your friends during the last 12 months?  
How many close neighbors do you have? 
How many times do friends visit you? 
How many religious activities do you attend in a year? 
How often did you contact your closest friends by telephone or by letter during the past month? 
Functional Component 
Do you get support from friends at work? 
Do you get support from superior? 
Do you get support from fellow workers? 
Do you get support from other persons? 
Are you satisfied with the number of people you can borrow things from or turn to for help? 
Are you satisfied with the number of friends you talk personal matters with? 
 
Perceived Component 
Do you easily make new friends? 
Do you feel nobody really understands your deepest feelings? 
How do you feel about your friendship and quantity of love? 
Do you feel you have no true friends? 
Do you feel lonely even when you are with people? 
How satisfied are you with your friends/relatives? 
Are you feeling lonely presently? 
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3.3 COVARIATES 
Information on smoking status was collected using self-administered questionnaire and 
categorized into smoker and non-smoker. A subject was defined as a smoker if he had ever 
smoked on a regular basis and had smoked cigarettes, cigars, or a pipe (Salonen, 
Nyyssönen et al. 1992). Body mass index (BMI) was measured as weight in kilograms 
divided by the square of the height in meters. Systolic blood pressure was measured using 
a random–zero mercury sphygmomanometer. Blood pressure was estimated by taking 
mean of six measurements which are three in supine, one in standing and two in sitting 
position (Lakka, Laaksonen et al. 2002). The energy expenditure by conditioning leisure 
time physical activities were assessed by using a 12-month history modified from the 
Minnesota Leisure Time Physical Activity Questionnaire. The intensity of physical activity 
was measured in metabolic units (metabolic equivalent of task MET or metabolic 
equivalent of oxygen uptake) and one MET is equivalent to an energy expenditure of 
approximately 1 kcal/kg * hour and oxygen consumption of 3.5 ml/kg * minute. Energy 
expenditure expressed in kcal/week for every activity was estimated by multiplying the 
metabolic index of the activity (MET * hour/week) by the weight of the body in kilograms 
(Lakka, Kauhanen et al. 1996). Alcohol consumption, measured in grams per week, was 
accessed by was assessed with a structured quantity-frequency method on drinking 
behavior questionnaire for the past 12 month (Ihanainen, Salonen et al. 1989) Low density 
lipoprotein (LDL) and high density lipoprotein (HDL) portions were extracted from fresh 
serum by a method of combine ultracentrifugation and precipitation during the medical 
examination (Lakka, Laaksonen et al. 2002). Age was calculated from the year of birth and 
education was measured in years by structured questionnaires. Various measures of 
socioeconomic status were available from questionnaires completed as part of the baseline 
examination, including occupation, income, housing tenure, and ownership of material 
goods (Lynch, Kaplan et al. 1997). These variables were then calculated into a 
socioeconomic status (SES) score. A low SES score correlates with low socioeconomic 
status and vice versa. 
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3.4 OUTCOME 
All cardiovascular, coronary heart disease and acute myocardial infarction deaths were 
ascertained by a computer linkage to the national death registry using the Finnish personal 
identification code (social security number). Participants were followed up for median time 
of about 23.2 years. In this study, CVD, CHD and AMI deaths that occurred from the study 
entry to December 2011 were included. CVD deaths were coded according to the ICD-9 or 
the ICD-10. 
3.5 STATISTICAL ANALYSIS 
Baseline characteristics of the participants were examined by descriptive analysis. Each 
component of loneliness was measured as stated above, and Cronbach’s alpha was 
calculated for each of them. The component scores were categorized into tertiles of high, 
medium and low. Lower scores indicated a lower degree of structural and functional 
loneliness but higher degree of perceived loneliness. Cox regression hazard analysis was 
used with the highest group as the reference group and covariates were adjusted for using 
four models. Model 1 is the age adjusted model; the second is model 2 adjusted for age, 
alcohol, BMI, and smoking status (smoker or non-smoker). The third model, model 3 was 
adjusted for age, alcohol, BMI, smoking status, education in years, physical activity levels 
and previous history of ischemic disease. Model 4 included the above mentioned 
covariates in addition to systolic blood pressure, socioeconomic status, cholesterol levels 
and depression scores. Hazard ratio was calculated to estimate the association of 
loneliness with CHD and CVD deaths. Tests for statistical significance were two- sided 
and differences with P < 0.05 were considered statistically significant.  SPSS statistical 
package version 19 was used for all statistical analyses. 
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4 RESULTS 
4.1 STRUCTURAL COMPONENT OF LONELINESS  
4.1.1 Descriptive background analysis 
Table 3 shows the baseline characteristics of the three categories of the social component 
of loneliness. Those in the lower category were significantly younger than those the higher 
category. They also drank more alcohol, engaged in less physical activity and were less 
educated than those who were in the highest category at baseline. Men with low scores on 
the social component scale tended to have higher mean blood pressure and LDL 
cholesterol levels, although this difference did not reach significant levels. Socioeconomic 
status is higher among those with lower scores on the social component scale, BMI was 
higher in those who had more structural support.  
4.1.2 Multivariate analysis 
Structural component of loneliness was seen to be associated strongly with  cardiovascular 
disease mortality with the lowest category at a greater risk when compared with the highest 
(HR=1.28; CI 1.02 -1.59; p< 0.05) after considering the following confounders: age, 
alcohol, BMI, smoking status (smoker or non-smoker), education in years, physical 
activity levels and previous history of ischemic disease. However when depression, 
systolic blood pressure and lipid profile were added to the model the association was no 
longer significant (HR= 1.23 CI 0.99 – 1.54 p=0.07). Previous history of ischemic heart 
disease and smoking also had the highest risk for predicting CHD mortality with HR= 2.47 
(CI 1.97- 3.106; p< 0.001) and HR= 2.03 (CI 1.62-2.55; p< 0.001) respectively. Mean 
systolic blood pressure and BMI also had significant risk for cardiovascular mortality with 
HR= 1.01 (CI 1.01-1.02 p <0.001) and HR=1.07 (CI 1.04-1.10; p<0.001) respectively. The 
risk of dying specifically for CHD in the structurally loneliest population was  higher 
HR=1.320 (CI 1.01 -1.73;p<0.05) than that of the most socially integrated population after 
adjusting for BMI, smoking, age, alcohol, history of ischemic heart disease, education, 
physical activity, socioeconomic status, depression, systolic blood pressure and lipid 
profile. 
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4.2 FUNCTIONAL COMPONENT OF LONELINESS 
4.2.1 Descriptive background analysis 
The baseline characteristics of the functional component are presented in Table 4. Those 
with higher functional support had higher physical activity level and were more educated 
than the least category. However those in the moderate category were older than the others. 
Those with higher perceived loneliness had more history of previous ischemic heart 
disease than those who were less lonely. 
In predicting cardiovascular mortality, previous history of ischemic heart disease 
HR=2.05(CI 1.71- 2.45; p<0.001) and previous history of smoking HR= 1.95 (CI 1.62-
2.33; p<0.001) had the highest risk for CVD mortality. Alcohol intake and BMI had hazard 
ratios of 1.00 and 1.06 respectively. 
  
4.2.2 Multivariate analysis 
In the age adjusted model, people in the moderate functional loneliness group were at 
higher risk of dying (HR =1.26; CI 1.01-1.56; p<0.05). The statistical significance 
disappeared when other covariates were added to the model.  The moderate group has a 
greater risk for CHD mortality (HR 1.35; CI=1.03 -1.77 p= 0.03) after adjusting for age, 
alcohol, BMI, and smoking status.  
4.3 PERCEIVED COMPONENT 
4.3.1 Descriptive background analysis 
Participants in the highest category of perceived loneliness had more past history of 
ischemic heart disease in the past with a p < 0.01. There were no other significant 
differences between the three categories (Table 5). 
4.3.2 Multivariate Analysis 
There was no statistically significant relationship between perceived component of 
loneliness and cardiovascular or coronary heart disease mortality. 
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Table 3. Baseline characteristics according to the structural component of loneliness. 
                                               Structural component of loneliness 
Characteristics Lowest n=900  Moderate= 938  Highest n= 844 
     
*p value 
Age (years) 52.95 52.83 53.40 0.032 
BMI (kg/m2) 26.67 26.93 27.03 0.038 
Alcohol (g/week) 82.17 78.72 67.32 0.024 
Education (years) 8.28 8.66 8.94 < 0.001 
Socioeconomic status 
score 
12.92 12.26 11.71 < 0.001 
Leisure time physical 
activity (kcal/day) 
129.72 132.95 168.89 < 0.001 
Cholesterol level 
mmol/L 
4.05 4.02 4.04 0.713 
Mean systolic blood 
pressure  
135.59 134.13 133.86 0.372 
Smoking status (%) 36.10 33.60 26.8 < 0.001 
Previous ischemic 
heart disease (%) 
25.10 25.50 25.10 0.979 
Figures represent mean values of covariates in each group. The lowest category, represent the greatest degree 
of loneliness and the highest category represents the lowest degree of loneliness. 
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Table 4. Baseline characteristics according to the functional component of loneliness. 
 
                                           Functional component of loneliness 
Figures represent mean values of covariates in each group. The lowest category, represent the greatest degree of 
loneliness and the highest category represents the lowest degree of loneliness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Characteristics 
 
Lowest n=799  Moderate n=897   Highest n=804 *p 
value 
Age (years) 52.95 53.27 52.77 0.487 
BMI (kg/m2) 26.94 26.81 26.67 0.129 
Alcohol (g/week) 78.67 74.66 71.93 0.311 
Education (years) 8.39 8.59 9.06 < 
0.001 
Socioeconomic status 
score 
12.61 12.37 11.70 < 
0.001 
Leisure time physical 
activity (kcal/day) 
131.99 140.61 154.95 0.009 
Cholesterol level mmol/L 4.07 4.05 3.58 0.120 
Mean systolic blood 
pressure  
132.98 134.95 134.60 0.060 
Smoking status (%) 33.00 30.00 32.80 0.315 
Previous ischemic heart 
disease (%) 
25.00 25.20 23.8 0.760 
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Table 5. Baseline characteristics according to the perceived component of loneliness 
                                             Perceived component of loneliness 
Characteristics Lowest n=799  Moderate n=897   Highest 
n=804 
 
*p value 
Age (years) 53.17 53.20 53.16 0.104 
BMI (kg/m2) 26.90 26.82 26.72 0.360 
Alcohol (g/week) 68.62 75.13 75.12 0.315 
Education (years) 8.83 8.57 8.91 0.658 
Socioeconomic 
Status score 
11.78 12.16 12.19 0.916 
Leisure time physical 
activity (kcal/day) 
156.92 135.2 143.07 0.136 
Cholesterol Level 
mmol/L 
4.03 4.01 4.03 0.957 
Mean Systolic Blood 
pressure  
134.58 133.51 133.10 0.330 
Smoking status (%) 29.2 29.8 31.4 0.659 
Previous Ischemic 
heart disease (%) 
20.3 23.4 27.7 0.005 
Figures represent mean values of covariates in each group. The highest category, represent the greatest 
degree of loneliness and the lowest category represents the lowest degree of loneliness. 
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Table 6. Hazard ratios (95 % confidence intervals) for cardiovascular disease mortality in 
relation to the three components of loneliness. 
                    Structural component          Functional Component         Perceived Component 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.258 
(1.013 – 1.562) 
0.038 1.084 
(0.858 – 1.369) 
0.499 1.0  
Moderate 1.072 
(0.860 – 1.335) 
0.537 1.257 
(1.011-1.562) 
0.040 0.866 
(0.678-1.106) 
0.906 
High 1.0  1.0  0.986 
(0.775-1.254) 
0.248 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.265 
(1.018 – 1.573) 
0.034 1.033 
(0.818 – 1.306) 
0.783 1.0  
Moderate 1.041 
(0.835 – 1.298) 
0.720 1.245 0.052 0.885 
(0.693-1.131) 
0.329 
High 1.0  1.0  1.038 
(0.815-1.131) 
0.764 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.275 
(1,024 – 1.588) 
0.030 1.030 
(0.814-1.304) 
0.804 1.0  
Moderate 1.051 
(0.842 – 1.311) 
0.661 1,214 
(0.973 – 1.515) 
0.085 0.880 
(0.668-1.124) 
0.305 
High 1.0  1.0  1.015 
(0.796-1.293) 
0.907 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.233 
(0.986 – 1.541) 
0.066 1.037 
(0.816 – 1.319) 
 
0.765 1.0  
Moderate 1.020 
(0.816 – 1.274) 
0.864 1.180 
(0.944 - 1,474) 
0.146 0.899 
(0.702 – 0.151) 
0.889 
High 1.0  1.0  1.020 
(0.785 - 1.327) 
0.399 
Model 1Hazard ratio adjusted for age 
Model 2Hazard ratio adjusted for age, alcohol, BMI, and smoking status 
Model 3 Hazard ratio adjusted for age, alcohol, BMI, smoking status education in years, physical activity levels and 
previous history of ischemic disease  
Model 4 Hazard ratio adjusted for age, alcohol, BMI, smoking status education in years, physical activity levels and 
previous history of ischemic disease systolic blood pressure, socioeconomic status, cholesterol levels and depression 
scores 
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Table 7. Hazard ratios (95 % confidence intervals) for coronary heart disease mortality in 
relation to the three components of loneliness. 
                    Structural component         Functional Component          Perceived Component 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.333 
(1.028 – 1.728) 
0.030 1.176 
(0.883 – 1.568) 
0.268 1.0  
Moderate 0.999 
(0.761 – 1.310) 
0.992 1.336 
(1.018 – 1.754) 
0.037 1.021 
(0.764 – 1.364) 
0.889 
High 1.0  1.0  1.024 
(0.764 – 1.364) 
0.236 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.346 
(1.307 – 1.746) 
0.026 1.130 
(0.847 – 1.507 
0.405 1.0  
Moderate 0.978 
(0.745-1.284) 
0.874 1.345 
(1.025 – 1.765 
0.033 0.857 
(0.635 -1.158) 
0.316 
High 1.0  1.0  1,078 
(0.806 - 1,442) 
0.613 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.361 
(1.046 - 1,771) 
0.022 1.119 
(0.838 – 1.495) 
0.445 1.0  
Moderate 0.985 
(0.749 - 1.295) 
0.915 1.299 
(0.988 – 1.707) 
0.60 0.847 
(0.627 - 1.144) 
0.278 
High 1.0  1.0  1,037 
(0.774 - 1.389) 
0.807 
 HR(CI) P-value HR(CI) P-value HR (CI) P-Value 
Low 1.320 
(1.010 -1.727) 
0.042 1.120 
(0.833 – 1.505) 
0.453   
Moderate 0.955 
(0.725 – 1.257) 
0.741 1.259 
(0.956 – 1.657) 
0.101 0.877 
(0.648 - 1,188) 
0.397 
High 1.0    1,058 
(0.771-1.452) 
0.728 
Model1Hazard ratio adjusted for age 
Model 2Hazard ratio adjusted for age, alcohol, BMI, and smoking status 
Model 3 Hazard ratio adjusted for age, alcohol, BMI, smoking status education in years, physical activity levels and 
previous history of ischemic disease  
Model 4 Hazard ratio adjusted for age, alcohol, BMI, smoking status education in years, physical activity levels and 
previous history of ischemic disease systolic blood pressure, socioeconomic status, cholesterol levels and depression 
scores 
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5 DISCUSSION 
    This study suggests that the structural component of loneliness may be a risk factor for 
coronary heart disease mortality. The risk remained elevated after controlling for possible 
confounders such as BMI, smoking, age, alcohol use, history of ischemic heart disease, 
education, physical activity, socioeconomic status, depression, systolic blood pressure and 
lipid profile. Moderate functional support had a higher risk for coronary heart disease when 
compared with those with the highest functional support after adjusting for age, alcohol, 
BMI, and smoking status. This non-linear relationship between functional support and 
coronary heart disease may be a random finding furthermore association was not 
statistically significant when other important covariates were added to the model. There 
was no statistical significant relationship between the perceived component and CVD or 
CHD mortality.  In the Cox regression model loneliness (structurally or functionally) had a 
higher risk for cardiovascular mortality than other well established risks such as alcohol, 
BMI or physical activity levels.  
 
This result is in keeping with previous studies which emphasize that measures to improve 
the structural component of social relationships are beneficial in decreasing mortality 
especially in the elderly (Steptoe, Shankar et al. 2013). Structural component was also 
associated with cardiovascular mortality in a study among Swedish men born in 1913 
(Welin, Larsson et al. 1992) although in this study coronary heart disease mortality was not 
distinguished from overall cardiovascular disease. Perceived loneliness has also been 
linked to coronary heart disease mortality but these studies were conducted among people 
with previous cardiovascular disease (Herlitz, Wiklund et al. 1998), (Löfvenmark, 
Mattiasson et al. 2009), (Udell, Steg et al. 2012). In studies among the general population, 
perceived loneliness was not as significant as structural component in predicting mortality 
(Steptoe, Shankar et al. 2013, Sugisawa, Liang et al. 1994). In this present study, 
participants with higher perceived loneliness scores had significantly higher previous 
history of ischemic heart disease at baseline than those who had lower scores.  When 
people are ill they may tend to perceive their condition as lonely no matter how many 
people are in their company, this may account of the insignificant relationship between the 
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perceived component of loneliness and coronary heart disease mortality as revealed in this 
study. 
 
Troubled social relationships have been associated with increased inflammatory responses 
(Jaremka, Lindgren et al. 2013), increased adrenaline and cortisol secretion (Cacioppo, 
Hawkley et al. 2006) and unhealthy lifestyles (Hustad, Carey et al. 2009). Inflammation is 
a risk factor for many diseases including cardiovascular disease, depression, type II 
diabetes, metabolic syndrome. The link between loneliness and inflammatory responses 
(Jaremka, Lindgren et al. 2013) may be an important mechanism in its relationship to 
cardiovascular mortality. Obesity has a varying effect on the health of an individual, and 
people who are stressed or depressed are often overweight, and adipose tissue is a major 
source of pro-inflammatory cytokines (Jaremka, Lindgren et al. 2013). This present study 
shows that lonely people may have a tendency for unhealthy lifestyles, i.e., they drank 
more alcohol, engaged less in physical activities and were more likely to smoke. Previous 
studies have also shown that lonely people develop poorer health habits than the rest of the 
population (Shankar, McMunn et al. 2011). This may be due to lack of motivation to cook 
healthy diets since nobody will be visiting and the motivation to go outdoors to exercise is 
absent since engaging in such activities may be experienced as  boring without social 
contacts. 
A very important finding in this present study is that people with higher socioeconomic 
status are more likely to be lonelier than those with lower socioeconomic status. Although 
there is little evidence to support this from literature, people with lower socioeconomic 
status may live in shared accommodation or in the countryside, and therefore have more 
social interaction than those with higher socioeconomic status who may choose to live in 
larger isolated apartments in the big cities. 
One limitation to this study is that females were not included in the study population. It 
will be necessary to examine the relationship of loneliness and coronary heart disease 
mortality in females. Only baseline loneliness was measured in this study. This, however, 
may not be a true indication of an individual’s social relationships. Optimally, loneliness 
would be measured twice over a period to distinguish between chronic loneliness and 
temporary loneliness (Perlman, Peplau 1981).  Further studies should be targeted at 
measuring loneliness across time differences and categorized based on chronic or state 
loneliness. However, based on the reliability study, in which 76 undergraduates answered 
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social support questionnaires twice over a period of 36 months; it was concluded that it 
was a relatively stable characteristic (Sarason, Sarason et al. 1986).   
Over 20 years is a sufficient follow-up time to observe an association between loneliness 
and CVD mortality, which is an advantage over previous studies that have used shorter 
follow-up periods (Orth-Gomér, Rosengren et al. 1993).  Many studies on CVD and CHD 
mortality and loneliness were done among previously unhealthy population; thus, the 
measurement of loneliness may be poorly reported (Berkman, Leo-Summers et al. 1992, 
Brummett, Barefoot et al. 2001, Löfvenmark, Mattiasson et al. 2009). This study was 
conducted in a relatively healthy and non-selected population-based sample, which was 
followed up for a long period of time. 
 
 
 
6 CONCLUSION 
With increasing evidence on the effect of social relationships on physical health many 
studies have shown that loneliness and social isolation are risk factors to all-cause 
mortality. Most studies associating social relationships and cardiovascular health have 
been limited by the follow-up time or using selected populations. This study examined the 
association between loneliness and cardiovascular and coronary heart disease mortality by 
exploring three dimensions. The conclusion of the study was that men who were more 
structurally lonely (socially isolated) were more likely to die from coronary heart disease 
than the rest of the population. The observations suggested that that those in the moderate 
category of functional dimension may be more likely to die of coronary heart disease than 
those who have very high social support. Considering the non-linear relationship between 
functional loneliness and coronary heart disease, this may be a random finding. The 
perceived loneliness dimension was not associated with increase in the examined measures 
of mortality. In conclusion, interventions to reduce loneliness may be important in 
achieving improvement of coronary heart disease outcomes. 
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